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Abstract. This paper adopts a count data model to explore the distinction between single plant
and multi-plant location choices. It is hypothesized that start-up location decisions would be
determined by supply variables (land, labour and capital costs, workforce and technological
characteristics); demand variables (market size and market accessibility) and agglomeration
economies. We use plant data and focus on location choices within Portuguese municipalities.
Our research shows that new multi-plants are particularly sensitive to urbanization economies,
land costs and the size of the local market, while new single plants are more responsive to labour
costs, both localization and urbanization economies and accessibility to main markets.
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1 Introduction
Understanding the determinants of business location choice is the subject of a large body of
literature, comprising both theoretical and empirical research. In fact, alongside renowned
contributions to optimal location theory that claim the importance of cost factors, demand
variables and agglomeration economies in location decisions, several empirical studies have
examined the relative significance of different factors in the business site selection process (e.g.,
Carlton 1983; Bartik 1985; Coughlin et al. 1991). However, literature is scarce concerning
firms’ characteristics that might influence location decision. Specifically, the level of structural
complexity of a firm might influence its access to information and degree of risk aversion and
therefore, its location choice.
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Early research on location choice assumed that firms were identical in features such as size,
technological and sectorial characteristics (e.g., Bartik 1985; Hansen 1987; Schmenner et al.
1987). Usually, these studies evidenced the relevance of the agglomeration economies and cost
variables for the location choice of new firms. Following these initial studies, some authors have
stressed the importance of the capital structure by focusing on the location decisions made by
foreign firms (e.g., Bartik 1985; Coughlin et al. 1991; Friedman et al. 1992; Woodward 1992;
Head and Mayer 2004; Basile et al. 2009). They found that agglomeration economies (particu-
larly, urbanization economies), market accessibility and the existence of institutional support for
foreign investments were relevant, while the importance of labour and land costs was incon-
clusive.
Recently, some authors have claimed that the location determinants affect firms’ location
choice differently according to their characteristics, namely firm’s size (e.g., Arauzo-Carod and
Manjón-Antolin 2004), its industrial activity (e.g., Arauzo-Carod 2005), or technological inten-
sity (e.g., Barrios et al. 2006), and the entrepreneur’s preference for the home base (e.g.,
Figueiredo et al. 2002). Additionally, researchers claim that new and relocated firms seem to
have different location profiles (Holl 2004a; Lee 2006), while regional competition within and
across nations seems to influence firms’ location (Basile et al. 2009). Although some general
tendencies were still in evidence (e.g., the relevance of agglomeration economies for location
choice), these studies showed that some location determinants have a quite different influence on
location choice according to firms’ characteristics.
The purpose of this study is to evaluate the importance of location determinants for firms’
decisions about location, but by assuming that firms behave differently according to their
structure. Particularly, we aim at evaluating whether location determinants affect single plants
and multi-plants differently. To the best of our knowledge, this topic has not been addressed in
the literature but deserves particular attention as the spatial context where new single plants and
new multi-plants make their location choices is dissimilar.1 In fact, while the location problem
of new single plants and new multi-plants is the same – the search for the highest potential profit
providing site – the relative importance of each location determinant may vary across both types
of plants, for several reasons. First, new single plants and new multi-plants are born at different
phases in the life cycle of firms. Therefore, new multi-plants might take advantage of a more
mature entrepreneurship than new single plants. Second, the birth of a multi-plant is frequently
motivated by capacity needs or market expansion,2 and so they might benefit from multi-plant
economies. Finally, location decisions are taken on the grounds of incomplete information and
uncertainty. Hence, we might expect that multi-plants have access to more information about
sites when they make their location choices; in addition, and according to Levinson (1996),
multi-plants benefit from economies of scale in conducting site searches. Furthermore, multi-
plants are less risk-averse than single plants as they act in several markets and, therefore, the
idiosyncratic risk is null. Lastly, multi-plants may be more footloose than single plants as,
according to Levinson (1996) and Figueiredo et al. (2002), single plants are more likely to open
where the entrepreneur lives.
1 Even without specifically focusing on the location choices of single plants and multi-plants, Levinson (1996)
studied the effects of state environmental regulation on establishment location choices and recognized that branch plants
of large firms appear to be more sensitive to local and environmental conditions than all plants in general; he then
concentrated on the location choices of branch plants of large firms.
2 This argument is also valid in the relocation of plants, that is, when a firm shuts down a plant and starts over in a
new space (Lee 2006). According to Pellenbarg et al. (2002), the relocation of plants might be motivated by changes in
markets, preferences in consumers, environmental regulations and technological progress, while Holl (2004a) calls
attention to the capacity needs and physical space constraints, demand growth and market expansion, and restructuring
to respond to new market opportunities as the factors that induce the relocation of firms.
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So, the search for the optimal location is costly, but it is lower for new multi-plants.
Additionally, this distinction is also relevant from the standpoint of regional politicians, as the
effort devoted to attract multi-plant’s branches or to promote local single plants’ entrepreneurs
is rather different.
Using micro-level data on Portuguese manufacturing plants, this paper examines the loca-
tion choices made by new single plants and multi-plants within 275 municipalities between 1992
and 2007. We apply a discrete-choice model that relies on the random utility maximization
framework (McFadden 1974), but proceeds through a count model where the probability of a
new plant locating in a municipality relates to a set of potential location factors. As in past
studies about firms’ location, the set of explanatory variables includes variables that are tradi-
tionally stressed by urban and regional theory, such as production costs (land, labour and capital
costs), demand indicators and agglomeration economies (urbanization and localization econo-
mies), as well as technological variables, such as the R&D expenditures.
From our results, we conclude that although the main location determinants are the agglom-
eration economies and both land and labour costs, there are some noteworthy differences
concerning multi-plants and single plants location choices. In fact, we observed that new
multi-plants are particularly sensitive to urbanization economies, land costs and local market,
while new single plants are more responsive to labour costs, both localization and urbanization
economies and market accessibility.
The rest of the paper is organized as follows. Section 2 presents the model specification,
followed by a discussion of data in Section 3. Section 4 provides the main estimation results and
the concluding remarks are presented in Section 5.
2 The model
Research on firms’ decisions about location usually appeals to discrete-choice models that rely
on the random utility maximization framework of McFadden (1974). This methodology was
first implemented on location choice by Carlton (1983) and popularized in articles by Bartik
(1985), Coughlin et al. (1991), Figueiredo et al. (2002) and Head et al. (1999), among others.
Under the conditional logit formulation, firms maximize profits subject to uncertainty that
derives from unobservable characteristics when choosing location. However, the conditional
logit model assumes that the odds of choosing an alternative are a function of its attributes but
are independent of other alternatives, which is known as the independence of irrelevant alter-
natives (IIA) assumption. This proposition may be implausible in location choice, as adjacent
locations may have similar characteristics, which make them interdependent. Moreover, if the
IIA assumption is violated, biased coefficient estimates occur.
In order to accommodate the IIA assumption in the location choice analysis, some proce-
dures have been developed. One possibility is to recur to the nested logit model, which implies
a partition of the spatial choice set into subgroups (e.g., Head and Mayer 2004; Barrios et al.
2006; Basile et al. 2009). However, this assumes that the IIA assumption holds within each
subgroup, which might be implausible.
A recent strand of the literature, introduced by Guimarães et al. (2003), modelled the
location choice by means of a Poisson model, as the coefficients of the conditional logit model
can be equivalently estimated by using a Poisson regression.3 Under this formulation, the
number of new firms that choose a specific location is a count variable and relates to a vector of
local and sectorial characteristics.
3 According to Schmidheiny and Brülhart (2009), the identical estimates from the Poisson and the conditional logit
model have different economic implications. Accordingly, in the conditional logit model an additional agent attracted to
a specific location means one less agent among the other locations in the relevant set, while in the Poisson model, that
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It should be said that the Poisson regression model assumes that the conditional mean lj
equals the conditional variance. However, the variance is frequently larger than the one assumed
by the Poisson model, a result called overdispersion, which causes a type of heteroscedasticity
as it yields downward biased estimates of the standard errors.
In order to account for overdispersion, the negative binomial model is usually adopted,
which can be motivated as a mixture of Poisson distribution, where the mean lj follows the
gamma distribution (Greene 2000). Therefore, the probability that the number of firms choose
a specific location j (nj) is given by:
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Additionally, the negative binomial model may be estimated by maximum likelihood (e.g.,
Coughlin and Segev 2000; Holl 2004a).
Since Guimarães et al. (2003) most research on firms’ location follows this approach and
adopts the Poisson regression. This model finds its roots on the random utility maximization
framework but takes advantage of the equivalence between the conditional logit model and the
Poisson regression, which allows us to overcome a potential IIA violation (e.g., Arauzo-Carod
and ManjónAntolín 2004; Barbosa et al. 2004; Basile 2004; Guimarães et al. 2004; Holl 2004a;
Arauzo-Carod 2005). In cases of overdispersion, the negative binomial model is frequently
employed (e.g., Barbosa et al. 2004; Holl 2004b; Autant-Bernard et al. 2006), being other
possibilities the ZI Poisson or negative binomial in case of zero inflation data.4 In this paper, we
follow this approach and apply the Poisson regression. However, preliminary results evidenced
overdispersion and, therefore, we recurred to the negative binomial model.
3 Data
3.1 Plant births
Plant births from 1992 and 2007 are calculated from Quadros do Pessoal (DEEP–MTE,
1991–2007). This statistical database is built on a compulsory survey collected annually by the
Portuguese Ministry of Employment for all business firms operating in Portugal.5 The inquiry
has collected information at the firm, plant and worker level since 1982, including data on firms’
location, economic activity, capital structure or number of plants and gives a particular emphasis
to the characteristics of the workforce.
Besides its reliability, the database has a longitudinal dimension that makes it particularly
suitable for studying the topic of plants’ birth. By using a unique identifying number attached
to each firm and their establishments and employees, it was possible to merge data about firms,
plants and labour force. Given that this identifying number was modified in 1991, we have
limited the study to the period 1992 to 2007.As in previous research on location choice, only the
manufacturing plants were eligible and we recurred to the Portuguese Classification of Eco-
nomic Activities at two-digit level (CAE – Rev. 2–15 to 37) (INE 1994).6 Additionally, the
raises the aggregate number of agents by one. Thus, the conditional logit model and the Poisson model can be viewed
as polar cases, with the former representing zero-sum reallocations of firms or households across locations and the latter
implying a positive-sum world.
4 For a detailed description of the methods and results presented in literature of industrial location choice, please
consider Arauzo-Carod et al. (2010).
5 Quadros do Pessoal does not cover public administration or domestic service and excludes firms without wage-paid
employees or start-ups with a very short life of up to 12 months.
6 We considered the change of the Code of EconomicActivity from Revision 1 to Revision 2 in 1994 and to Revision
2.1 in 2003.
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concelho (or municipality)7 was adopted as the geographic unit, with 275 municipalities being
identified on mainland Portugal.8 The reason for choosing this territorial unit relies on its
relevance in Portugal: the municipalities are the layer of government just below the central
government (in mainland Portugal) and, since 1974, the transference of competences to the
municipalities registered a significant increase.
A plant was classified as new if it was the first time it appeared in the merged data set.9
Therefore, we identify 61,177 new starting plants between 1992 and 2007, of which 89.11 per
cent were new single plants and 10.89 per cent were newmulti-plants. The geographical location
by municipalities and NUTS 2 of these newly created establishments is presented in Figure 1,
as well as its main descriptive statistics in Table 1.10
As we can observe, the most dynamic region is Norte, which accounts for over 55.7 per cent
of total manufacturing plant births between 1992 and 2007. Additionally, there is strong
evidence that single plants and multi-plants locate differently: Norte is responsible for the
highest birth rate of single plants, while the highest rates for new multi-plants are observed in
Lisbon (capital) followed by Porto. As well, the Wilcoxon signed-rank test for the equality of
matched pairs of observations allows us to conclude that both distributions are not the same.11
Therefore, as the birth of a single plant or a multi-plant, results from two different spatial
decision-making processes, they should be treated separately.
We also consider the distribution of new single plants and new multi-plants across sectors
(Table 2).
We therefore conclude for their uneven behaviour: sectors 18, 28 and 36 (CAE – Rev. 2) are
the most relevant ones for new single plants, while for the new multi-plants the most relevant
sectors are 15, 18 and 28.
In order to evaluate the spatial concentration of each sector by NUTS 3, we compute the
location coefficient12 for both new single plants and multi-plants, as well as for total industry.13
We then observe the uneven concentration of each sector when considering different samples. In
fact, and in the case of new single plants, the location coefficient reveals that sectors 35 and 19
are the most concentrated in space; while for new multi-plants, the geographical concentration
7 The concelho is a small administrative region in Portugal, with a population that ranges between 1,924 and 564,657
inhabitants (INE 2001) and an average area of 323.5 km2 (INE 2003b).
8 We considered the change of the Code of Administrative Division in 1998 that introduced three new municipalities
(Vizela, Trofa and Odivelas) and included them into the original ones, as our study is largely previous to 1998.
Additionally, we excluded the islands of Açores and Madeira, as the number of new plants of the manufacturing sector
born during 1992–2007 was quite small.
9 We must note that plants are removed from the sample if they do not respond to three consecutive spells of the
survey, meaning that shutdowns are accommodated although they cannot be distinguished from nonresponses.
10 The Nomenclature of Territorial Units for Statistics (NUTS) (1989) (INE 1989) defines five regions at NUTS 2 and
28 homogeneous regions at NUTS 3 for mainland Portugal.
11 We may also refer that every municipality register the birth of single plants during the period under study, while
27 (9.82%) municipalities has zero births of multi-plants.
12 The location coefficient (LC) is a measure of relative concentration of a sector. It compares the spatial distribution
of a sector with the spatial distribution of total sectors:
LC = ∑ −
=
0 5 1. / / ,i I ik k ix x x x
where i = region = 1, . . . , I; k = sector = 1, . . . K; xk = Si=1I xik ; xi = Sik=1K xik ; x = Sik=1K Si=1I xik.
13 Literature shows several measures of industrial concentration. According to Duranton and Overman (2005), the
location coefficient, as the Herfindahl or the Gini indexes, while being extremely popular, do not take space into account
and do not control for the level of industry concentration. In spite of their shortcomings, any of these measures would
be suitable to show the uneven concentration of new single plants and new multi-plants. Pioneered by Ellison and
Glaeser (1997), a second type of measures emerged that take under consideration space and that control for the overall
agglomeration of manufacturing and for industrial concentration, while treating space as discrete. The ‘third generation’
of industrial concentration measures, introduced by Duranton and Overman (2005) with the ‘K-density’measure, treats
space as continuous. In addition, and according to Albert et al. (2011), the use of spatial statistics measures, such as
Ripley’s K function, offers important advantages over traditional concentration indices, as it allows evaluating whether
concentration exists, its intensity and at what distance its highest level is obtained.
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is very high for sectors such as 30, 23, 19 and 32.14 If we compare with the concentration of total
industry, we partially justify above evidence: sector 23 is highly concentrated for both new
multi-plants and total industry; sector 19 is concentrated for both new single plants and
multi-plants, as well as for total industry. However, the relative concentration of new single
plants and new multi-plants cannot be explained by the spatial distribution of total industry: in
fact, and for instance, the high concentration of sector 35 for new single plants or sectors 30 and
32 for new multi-plants is not related with the distribution of total industry. Therefore, we might
conclude that the spatial pattern of new single plants and newmulti-plants is dissimilar, and does
not follow the spatial distribution of total industry.
3.2 Explanatory variables
Table 3 summarizes the main information about the explanatory variables that we use to study
the location decision of single plants and multi-plants. As in previous research on location
choice (e.g., Coughlin and Segev 2000; Guimarães et al. 2004; Holl 2004a), the variables
influencing the choice of a particular location can be broadly classified into three categories: (i)
cost variables, labour market features and technological characteristics; (ii) market size and its
accessibility; and (iii) agglomeration economies.
3.2.1 Supply variables
According to the least cost theory, inspired by the contributions of Launhardt (1993), Von
Thünen (1966) andWeber (1929), land, labour and capital costs have a negative impact on firms’
expected profit. Therefore, the optimal location of a firm corresponds to the least cost site.
Previous research on location choice used land area (e.g., Coughlin et al. 1991; and Wood-
ward 1992), property taxes (e.g., Carlton 1983), or the population density (e.g., Bartik 1985;
Schmenner et al. 1987; Guimarães et al. 2000; Woodward et al. 2006) as a proxy for land costs,
but frequently failed to establish its relevance. Following Bartik’s (1985) approach, which
assumes that industrial and residential users compete for the same space, the population density
in each municipality is adopted in this research as a proxy for land costs, with a negative
influence on the location choice expected to be observed.
In their location decisions, firms are also motivated by labour market conditions, particu-
larly, labour costs and the qualifications of the workforce. The labour costs, measured by the
14 Literature on industrial concentration also confirms these results: according to Duranton and Overman (2005),
sectors 17, 18, 19, 22, 30, 31 32 and 33 are the most concentrated in UK, while in Spain, and according to Albert et al.
(2011), the most concentrated sectors are 17, 19, 22, 24, 30, 31 32 and 33.
Table 1. New single-plants and new multi-plants (1992–2007): Descriptive statistics
New single-plants New multi-plants
Number 54,512 6,665
(89.11%) (10.89%)
Mean 11.099 1.134
Standard deviation 24.236 4.680
Min. 3 0
Máx. 141 18
Zeros 0 27
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Table 2. New single plants and new multi-plants (1992–2007), by sectorial activity
CAE – Rev. 2 Manufacturing industry New single plants* New multi-plants* Total industry**
% LC % LC CAE LC
15 Manufacture of food products and
beverages
10.07 0.32 17.31 0.20 15+16 0.22
16 Manufacture of tobacco 0.00 0.00 0.00 0.00
17 Manufacture of textile 6.68 0.37 5.68 0.37 17 0.40
18 Manufacture of wearing apparel;
dressing and dyeing of fur
20.60 0.37 12.87 0.35 18+19 0.58
19 Tanning and dressing of leather;
manufacture of luggage,
handbags, saddlery, harness and
footwear
5.96 0.49 2.80 0.56
20 Manufacture of wood and of
products of wood and cork,
except furniture; manufacture of
straw and plaiting materials
9.66 0.28 5.22 0.28 20 0.24
21 Manufacture of paper and paper
products
0.68 0.23 0.98 0.33 21+22 0.14
22 Publishing, printing and
reproduction of recorded media
5.39 0.39 9.36 0.32
23 Manufacture of coke, refined
petroleum products and nuclear
fuel
0.00 0.00 0.10 0.64 23 0.74
24 Manufacture of chemicals and
chemical products
0.91 0.28 2.57 0.28 24 0.14
25 Manufacture of rubber and plastics
products
1.30 0.29 2.14 0.24 25 0.29
26 Manufacture of other non-metallic
mineral products
6.37 0.28 9.69 0.21 26 0.22
27 Manufacture of basic metals 0.48 0.27 0.35 0.37 27+28 0.14
28 Manufacture of fabricated metal
products, except machinery and
equipment
15.12 0.20 12.11 0.20
29 Manufacture of machinery and
equipment n.e.c.
3.47 0.30 5.55 0.21 29+30 0.13
30 Manufacture of office, accounting
and computing machinery
0.00 0.00 0.05 0.81
31 Manufacture of electrical
machinery and apparatus n.e.c.
0.94 0.35 1.77 0.29 31+32+33 0.16
32 Manufacture of radio, television
and communication equipment
and apparatus
0.32 0.45 0.50 0.50
33 Manufacture of medical, precision
and optical instruments, watches
and clocks
0.73 0.38 0.91 0.29
34 Manufacture of motor vehicles,
trailers and semi-trailers
0.41 0.38 0.76 0.40 34+35 0.18
35 Manufacture of other transport
equipment
0.48 0.61 0.98 0.48
36 Manufacture of furniture;
manufacturing n.e.c.
10.16 0.35 7.77 0.24 36+37 0.25
37 Recycling 0.27 0.29 0.53 0.47
15–37 Total manufacturing 100 100
Note: LC = location coefficient; CAE = code of economic activity.
Sources: *DEEP–MTE (1991–2007; **INE (2007).
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average wage rate, are included in almost every study on location choice, while its coefficient is
usually negative (e.g., Coughlin et al. 1991; Barbosa et al. 2004; Figueiredo et al. 2002; Holl
2004a, 2004b; Woodward et al. 2006; Basile et al. 2009).15 Therefore, in this research, the proxy
for labour costs is the real wage per working hour, for each municipality and code of economic
activity (CAE) at 2-digit level.
The influence of population skills and abilities on the productivity of the workforce and,
therefore, on firms’ location choice, has also been included in several studies. Some authors
considered the influence of specific skills on location choice (e.g., the number of engineers,
Carlton 1983), or, more often, the education-level of population (e.g., Bartik 1985; Woodward
1992; Basile et al. 2009), but results were mostly inconclusive. In this study, the average years
of schooling of the adult population is used as a proxy for human capital stock in each
municipality, with a positive influence on location choice expected to be observed.
Several studies use the interest rate, corporate taxes or other local taxes to evaluate the
influence of capital costs on location choice (e.g., Carlton 1983; Bartik 1985; Friedman et al.
1992; Woodward 1992; Head et al. 1999; Head and Mayer 2004; Basile et al. 2009), while its
coefficient is often not significant. Other studies consider different local taxes: corporate vs.
personal income taxes (Feld and Kirchgässnerm 2002); business vs. property taxes (Jofre-
Monseny and Solé-Ollé 2010), and concluded that local taxes deter new manufacturing plants.
Additionally, variables capturing the effects of bureaucracy and market regulation on location
choice are sometimes considered (e.g., Friedman et al. 1992; Basile et al. 2009). In this study,
capital costs are measured by the taxes over companies collected by municipalities, which
include both derrama16 and other taxes over firms.
In addition to traditional location determinants, the influence of technological characteris-
tics on location choice has been considered. Therefore, the Research and Development (R&D)
per capita expenditures at the municipality level is introduced. Taking into consideration the
composition of R&D expenditures and its geographical distribution, a small but positive impact
of the R&D expenditures on location choice is expected to be observed.17
3.2.2 Demand variables
Another strand of the literature, motivated by Fetter (1924), Hotelling (1929) and Chamberlin
(1950), focuses on the influence of demand variables, such as the market size and its accessi-
bility, on the location choice.
The market size, measured by per capita income, is frequently used in location studies (e.g.,
Coughlin et al. 1991; Coughlin and Segev 2000; Guimarães et al. 2004), while others use the
gravitation personal income as a proxy for the potential market, as it intends to capture both
market size and its accessibility (e.g., Friedman et al. 1992; Woodward 1992; Head and Mayer
2004; Holl 2004b; Basile et al. 2009). In most studies, a positive influence of market size on
location choice was evidenced.
Following previous research, and in order to capture the influence of market size on location
choice, two possibilities are considered in this research: first, we use the Purchasing Power
15 Except for the location decisions of foreign firms, as a positive coefficient frequently emerges, revealing the
positive effect of high wages, correlated with high qualifications of the workforce, on the location choice (e.g., Friedman
et al. 1992; Woodward 1992; Guimarães et al.(2000).
16 Derrama (or municipal surcharge) is a local municipal tax that can be charged annually by municipal authorities
up to a maximum of 10 per cent of the amount paid in corporate tax (IRC). Other local but non-corporate taxes include
the Municipal Property Transfer Tax (IMT) and the Municipal Property Tax (IMI).
17 In Portugal, and for the year 1999, about 66.5 per cent of the R&D expenditure was made by the Government and
Higher Education sector (OCES 1999).
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Index18 for each municipality, which intends to capture the influence of local market on location
choice. Alternatively, and taking into consideration the small size of most Portuguese munici-
palities, we use the per capita gross domestic product at regional level (NUTS 3) as a proxy for
the regional market.
Additionally, some authors consider the influence of market accessibility on firms’ location
decisions by introducing the geographical or time distance to an important market (city centre
or capital), airport or port (Hansen 1987; Guimarães et al. 2000; Holl 2004a, 2004b). Therefore,
in this study the shortest physical distance between each municipality to Porto or Lisbon is
employed, which are the most important cities in Portugal, both equipped with international
airports, ports and railway stations. It is expected to observe that high distances to Porto or
Lisbon negatively influence the decision to locate new investments.
3.2.3 Agglomeration economies
Both location theory and empirical studies claim for the relevance of agglomeration economies.
The literature usually distinguishes between urbanization economies, which are external to firms
and industries but internal to a city (e.g., access to large population centres and large and
diversified service and manufacturing sectors) and localization economies, which are external to
firms but internal to an industry (e.g., access to specialized labour force and communication
economies).
Nearly all studies conclude for the positive influence of localization economies on location
choice, usually measured by the number of firms or employment in each manufacturing sector
(e.g., Hansen 1987; Guimarães et al. 2004; Head and Mayer 2004), or by an industrial diversity
index (e.g., Holl 2004a, 2004b; Arauzo-Carod 2005). Regarding urbanization economies, some
researchers use a measure of global industrial activity in the region (e.g., Carlton 1983; Bartik
1985; Coughlin et al. 1991), while others use a proxy for the volume of the economic activity,
such as per capita income, population size or density of industrial and services activities (e.g.,
Coughlin and Segev 2000; Guimarães et al. 2004). In this study, to account for the localization
economies, the share of manufacturing employment for each CAE – 2 digit in each municipality
is considered, while the urbanization economies are measured by the density of manufacturing
and service plants per square kilometre in each municipality.
Finally, and in order to control for unobservable region characteristics that might affect
firms’ location choice, a dummy variable for each region, NUTS 3 level has been included.
4 Empirical results
We model the location choices of new single plants and new multi-plants between 1992 and
2007 through a discrete choice analysis. Table 4 summarizes the main estimation results of a
standard conditional logit model by means of its equivalence with the Poisson model, which
is guaranteed by using a set of dummy variables for each combination of year and 2-digit
CAE sector, as demonstrated by Guimarães et al. (2003). (Regressions (1) to (4) refer to
single plant location choices, while regressions (5) to (8) refer to new multi-plant location
decisions. In both samples, we consider either the influence of the regional market (regres-
sions (1), (3), (5) and (7)) or the local market (regressions (2), (4), (6) and (8)). Additionally,
18 The Purchasing Power Index (IPPC) intends to capture the purchasing power in each municipality. It is an index
built by means of a model of factorial analysis and recurring to a set of 20 variables that were selected according to an
expenditure criterion upon a larger group of 70 variables (INE 2004).
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we introduce a dummy variable for each NUTS 3 region, in order to capture other non-
observable regional characteristics (regressions (3), (4) and (7), (8)). All explanatory variables
are included in their logarithmic form.
At a first glance, we conclude that some location determinants have a similar performance
across both samples: land and labour costs, agglomeration economies and R&D are always
significant and with the expected sign, while capital costs never have the expected sign.
Nevertheless, there are some specificities: the accessibility to main markets has a better perfor-
mance in the single plant sample while the local market is only relevant in the multi-plant case.
In both samples, we observe that the likelihood-ratio test sustains the hypothesis of inclusion of
dummies by NUTS 3.
However, the Pearson statistics for the goodness of fit lead us to reject the hypothesis that the
variance equals the mean at 1 per cent of significance, evidencing overdispersion. This reveals
that the Poisson regression is not adequate to our data, suggesting that we should try the negative
binomial model.
Tables 5 and 6 resume the main estimation results of a negative binomial model (Negbin II)
for single plants and multi-plants respectively. As before, we run a standard negative binomial
model with a dummy for each combination of year and 2-digit CAE sector in order to ensure
equivalence with the conditional logit model and introduce either the regional market (regres-
sions (9) and (21)) or the local market influence (regressions (10) and (22)). Similarly, we
consider dummies by NUTS 3 regions (regressions (11), (12) and (23), (24)), so as to capture
other regional characteristics that might affect firms’ location choice.
As we can observe from both likelihood-ratio and Wald tests, all regressions perform quite
well. Additionally, the likelihood-ratio test of a = 0 indicates that the Poisson dispersion is
greater than 1 (overdispersion), which confirms that the negative binomial model is more
suitable to our data.19 Also, the likelihood ratio tests between new single plants and new total
plants (Table 5), as well as between new multi-plants and new total plants (Table 6), confirms
that the coefficient estimates between the two samples versus alternative total plants are not
similar.
Let us consider the negative binomial model without ‘specific-effects’ by municipalities
(regressions (9) to (12) and (21) to (24)). A simple likelihood-ratio test for the inclusion of
dummy variables by region or the increase of the ‘pseudo-R2’ sustains the hypothesis that there
are other regional characteristics that affect plants’ location.
As we can observe from regressions (11), (12) and (23), (24), some variables have a regular
behaviour across both samples. In fact, we conclude that the most relevant location determinants
for both single plants and multi-plants are the urbanization and localization economies and both
land and labour costs. Compared with previous research, most studies corroborate the impor-
tance of agglomeration economies and labour costs for location choice (e.g., Coughlin et al.
1991; Figueiredo et al. 2002; Barbosa et al. 2004). At the same time, few authors confirm the
influence of land costs (e.g., Guimarães et al. 2004), which may be attributed to the use of the
proxy population density, which is sensitive to the size of the spatial unit.20 Our results also
reveal that capital costs are almost never significant or with the correct sign, which is confirmed
in several studies (e.g., Carlton 1983; Woodward 1992; Head and Mayer 2004), and can be
justified by the absence of noteworthy differences in the cost of capital across Portuguese
municipalities. As well, our estimates show that the human capital variable has an irregular
behaviour, which is also evidenced in the literature (e.g., Guimarães et al. 2000; Arauzo-Carod
19 Additionally, the Vuong statistics of the ZI Negative Binomial versus the standard negative binomial for the new
single plants and new multi-plants was -0.42 and -0.03, respectively, supporting the hypothesis that the standard
negative binomial is more suitable to our data.
20 In this study, and similarly to Figueiredo et al. (2002), this limitation is partially solved by the small size of each
spatial unit.
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2005; Basile et al. 2009), and may be justified by the aggregate nature of the indicator, which
does not allow us to evaluate the importance of some specific skills (e.g., engineers) for the
location choice.
Nevertheless, there are some noteworthy differences across both samples, namely on the
demand side. In fact, we note that new single plants are particularly sensitive to the accessibility
tomainmarkets and infrastructures with elasticities around 0.20, while themarket size is not very
relevant. At the same time, new multi-plants are strongly influenced by the local market, with
elasticities about 0.58, while the market accessibility loses relevance. These results accords with
intuition, as multi-plants have access to more information about sites and are less risk averse than
single plants and therefore they privilege access tomultiple localmarkets, while new single plants
are more sensitive to the risk and therefore, they privilege access to a wider market area.Also, the
relevance of demand variables for location choice is confirmed in many studies (e.g., Coughlin
et al. 1991; Friedman et al. 1992; Head et al. 1999; Guimarães et al. 2000; Head andMayer 2004;
Holl 2004b; Basile et al. 2009). Finally, the R&D variable has a significant and positive influence
on location choice in both samples and supports the evidence of R&D spillovers.
Our results also find confirmation in previous studies on location choice for the Portuguese
case, such as Figueiredo et al. (2002), Barbosa et al. (2004), and Holl (2004a, 2004b), who find
relevance for labour costs, market size and its accessibility, while capital costs were not
significant.
Following Guimarães et al. (2004),21 and in order to more effectively control for the poten-
tial violation of the IIA assumption, we then consider ‘specific effects’ by municipality, either by
considering random (regressions (13) to (16) and (25) to (28)) or fixed (regressions (17) to (20)
and (29) to (32)) effects by municipality.
To begin with the single plant location choices, the differences between the log-likelihoods
of the models with specific effects and the corresponding without specific effects models are
statistically significant, providing evidence that the inclusion of specific effects by municipality
is convincing. Likewise, the inclusion of dummy variables by region is also supported by a
likelihood-ratio test, which gives reason for the existence of supra-municipality characteristics
that are not captured by other variables. Finally, and in order to test for the inclusion of random
or fixed effects by municipality, we perform a Hausman test that tests the null hypothesis that the
coefficients estimated by the efficient random effects estimator are the same as the ones
estimated by the consistent fixed effects estimator.We compare regressions (15) and (19) and the
resulting statistics equals 0.04, which supports the hypothesis of random effects by municipality.
As before, and focusing on regressions (15) and (16), we observe that single plants’ location
choices are strongly influenced by labour costs and agglomeration economies. In fact, we
estimate that, everything else constant, a 1 per cent increase in labour costs leads to about a 0.93
per cent decrease in the number of new single plants, while the corresponding elasticity for
urbanization and localization economies is about 0.57 and 0.67, respectively. Additionally, land
costs and market accessibility are also relevant for the location of new investments, with
elasticities of about 0.49 and 0.42, respectively. Furthermore, the R&D variable, while signifi-
cant, has the lowest elasticity.
We then focus on the location choices of new multi-plants. As before, our estimation results
support the inclusion of specific effects by municipality and dummies by region. Also, the
statistics of the Hausman test for the inclusion of random versus fixed effects (regressions (27),
(28) and (31), (32)) equal 0.01, which supports the hypothesis that the specific effects are not
correlated with the explanatory variables.
21 Guimarães et al. (2004) claimed that to more effectively control for the violation of the IIA assumption, one should
include an additional specific effect to each alternative, which would collapses to the Poisson model with random effects
if the additional term is a random variable or into the Poisson model with fixed effects if the additional term is a fixed
effect.
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From our results, and focusing on regressions (27) and (28), we observe that although the
main location determinants are still the agglomeration economies and both land and labour
costs, there are some important differences. The first notable difference is the importance of
urbanization economies and land costs for the launching of new multi-plants, with elasticities of
about 1.4 and 1.1, respectively. Another distinction is the relevance of the local market size,
rather than market accessibility or regional market, which may be deduced from both overall and
individual significance tests. In fact, we estimate that everything else constant, a 1 per cent
increase in local market size leads to about a 0.5 per cent increase in the number of new
multi-plants, while market accessibility and regional market are often non-significant.
We then conclude that new multi-plants are particularly sensitive to urbanization economies,
land costs and local market size, while new single plants are more responsive to labour costs,
both localization and urbanization economies and market accessibility. These results may be
explained by attitudes to risk, phase in the life cycle of firms and access to information. New
single plants are at the beginning of their life cycles and are more risk averse and therefore, they
privilege the access to larger market areas and to regions with lower production costs. New
multi-plants benefit from the experience of the mother-firm, namely in the labour market, and
therefore, the importance of labour costs decreases, while being less risk averse which make
them exploit diversified local markets. At the same time, new multi-plants have access to more
information about sites and therefore, they are more able to identify places with lower produc-
tion costs. Additionally, the joint optimization of the plant location of multi-plant firms may
justify a different behaviour from single plant firms (Smith 1981). Finally, we note that new
multi-plants are particularly attracted by areas of high density where they can realize increased
opportunities and also by the proximity to the political decision centre (Lisbon) (Figure 1).
5 Concluding remarks
Using micro-level data, this paper explored the importance of location determinants for firms’
location choice by assuming that start-ups behave differently according to the number of their
plants.
Our results confirmed the relevance of agglomeration economies for plants’ location choice,
which is in line with previous studies. In fact, for both single plants and the multi-plants, the
concentration of economic activity clearly attracts new investments. Additionally, urbanization
economies seem to have a particular relevance for the location decision of new multi-plants,
which might reveal that they privilege access to areas of high density.
This research also evidenced that start-ups are strongly influenced by land and labour costs.
In fact, we observed that new multi-plants are particularly sensitive to land costs, while new
single plants are more responsive to labour costs, which may be explained by the life cycle of
firms. On the contrary, the hypothesis concerning the negative influence of capital costs on
location choice is not confirmed in our study, which can be justified by the absence of significant
differences in the cost of capital across Portuguese municipalities. Also, we observed that the
human capital variable has an uneven behaviour that can be explained by its aggregate nature.
Furthermore, our results confirmed the presence of spillovers, with the elasticity of plant births
with respect to R&D expenditures being positive but quite small.
These results are particularly appealing and are in line with the evidence that new multi-
plants benefit from multi-plant economies, matured entrepreneurship and easier access to
information, which make them less risk averse. Therefore, new multi-plants privilege access to
high density areas and are more able to exploit new local markets. On the contrary, single plants
are at the beginning of their life cycles and so, they are more risk averse, which implies that the
accessibility to main markets and infrastructures and lower production cost sites are the key
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location determinants. From the standpoint of local politicians, these results are quite interesting
and might suggest different policy options to attract single plants (e.g., construction of acces-
sibilities) and multi-plants (e.g., soil policies).
The study of industrial location choice may proceed with some improvements in our
research.An appealing research topic relates to the influence of local policies, particularly, fiscal
options, on start-ups’ location choices. Another area to focus on is the human capital variable in
order to evaluate the influence of different qualifications of workforce on firms’ location choice.
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